In this paper we present a model of international interest rate arbitrage under conditions of entry and exit costs to and from the domestic capital market. We seek to measure the maximum potential effect of capital controls, such as non-interest paying reserve requirements, on interest rate differentials. We quantify the effect of such taxes using a dynamic optimization model with uncertainty and transaction costs. An optimal (S,s) rule gives the limits for interest rate differentials that trigger capital inflows and outflows. We also calculate maximum interest rate differentials for various maturities and study the effect of parameter changes. Using parameters estimated for the Chilean economy, the model shows that the effect of capital controls on interest rate differentials is considerably smaller than what static calculations suggest.
Introduction
The main reasons for imposing capital inflow controls are to curb capital inflows, avoid real exchange rate (RER) appreciation, bias the structure of external liabilities towards long-run securities, and generate room for maneuver for monetary policy (in the presence of RER targets). All these goals can be summarized as having larger international interest rate differentials, especially at short-run maturities, without generating capital inflows. The policy design often takes the form of an inflow tax, or some kind of entry fee, and it is usually introduced in periods of abundant international liquidity. In a very different environment, capital controls also are used as a defense against capital flight, in which case the policy design usually takes the form of an exit tax.
Several types of capital controls used by many countries during the last 10 years can be thought of as entry and exit transaction costs. For example, policy instruments such as proportional entry and exit taxes, reserve requirements paying below-market interest rates, and transaction fees, all involve an irreversible payment.
1 The crosscountry experience is abundant. The aim of this paper is to assess quantitatively the effect of this type of capital controls on international interest rate differentials using the case of Chile during the 90's, emphasizing the role of risk and the irreversibility of inflow and outflow costs.
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More specifically, we seek to measure the maximum potential effect of these controls on interest differentials explicitly considering that investors' entry and exit decisions -and hence their investment horizon-are contingent on the state of the economy and part of a dynamic optimization process that takes into account entry and exit costs as well as the stochastic process followed by interest rate differentials. In that set-up, an optimal (S,s) rule (as in Dixit, 1989) gives sustainable limits for interest differentials -limits that define a band within which no capital inflows or outflows occur. The paper shows that the stochastic process followed by the differential, as well as the size of entry and exit costs, is important in determining these limits.
The most important conclusion of this paper is that the impact of controls is
considerably smaller than what static (and commonly used) calculations suggest. For example, according to the model, and using parameters estimated for the Chilean economy, the maximum interest-rate differential for 3-month operations generated by a 1-year 30% URR is approximately 3.1% per year, while calculations that fix the investment horizon estimate a differential equal to 10.5%. For 12-month operations the estimated differentials are 1.40% and 2.53%, respectively. The paper also shows that higher variability and a lower degree of interest rate mean reversion, and higher entry and exit costs, generate higher differentials for short-term maturity yields.
The key difference between a dynamic and a static approach is that the former considers an optimal and endogenous investment horizon for capital inflows while the latter assumes a fixed one. Thus, in case of a short run investment, the static calculation yields a large differential (infinite for the case of an instantaneous operation)
because it assumes that the inflow will reverse within that fixed horizon with probability one. The dynamic approach yields smaller differentials because it takes into account that inflows will not reverse if it is profitable to keep the investment in place.
Behind the difference between these two approaches there are the option values that typically emerge in irreversibility problems. When deciding to exit from a country in which there is a fixed-entry capital control, investors take into account that in case of exiting they will have to pay again if they re-enter. Therefore, exiting only happens when profitability is very low and it is worthwhile to lose the option to exit later on.
When deciding whether to enter the country investors make a similar calculation, comparing current profits due to entering and the cost of losing the option to invest later on.
Besides being a matter of theoretical interest, to assess the impact of controls is a key issue from a policy perspective. If policy makers overestimate the effect of controls, the policy mix can produce results that work completely against the initial purpose of the controls. For instance, if the authority imposes controls in pursuit of monetary autonomy with exchange rate targets and their effect is smaller than predicted, they can end up generating an appreciation.
The impact of capital controls on sustainable interest rate differentials is related to the issue of whether covered interest parity holds. One reason that explains a break in this parity is the presence of capital controls. 4 In this regard, Marston (1995, Chapter 3) shows how covered differentials among G-5 countries dropped significantly when controls were lifted and how they ceased to be important in the 1990s. He concludes that because of the amorphous nature of the controls, it is very difficult to explain how controls affect differentials. This paper makes a contribution to this literature by analyzing the effect of one particular type of controls.
The paper is organized as follows. In section 2 we present the basic model of arbitrage and interest rate differentials under capital controls, which is the basis for deriving maximum and minimum instantaneous interest differentials and the bounds of the yield curve. In section 3 we generalize the basic model by relaxing two sim-plifying assumptions, and work through some numerical examples. In section 4 we apply the model to the Chilean URR case, calculating its effect under two different estimates of the stochastic interest rate differential process. We also compare the results to the static solution that fixes the investment horizon ex-ante. Finally, in section 5 we make some concluding remarks.
A Simple Model of Arbitrage and Interest Rate Differentials
In this section we develop a simple model of arbitrage and international interest rate differentials taking into account a fixed entry cost to the recipient country and assuming that the domestic interest rate follows a given stochastic process. 5 We further assume that the entry cost is fully credible and there is no evasion. 6 As mentioned above, many types of control on capital inflow can be thought of as a fixed entry cost. The model explicitly considers the fact that the time horizon of foreign investment is endogenous to the state of the economy and that entry and exit decisions are part of a dynamic optimization problem. Given a fixed entry cost and the parameters governing the stochastic process of interest rates, the model allows us to determine the maximum (minimum) instantaneous interest rate differential that does not trigger capital inflows (outflows). All this analysis is carried out under the assumption of a fixed and fully credible exchange rate regime.
In order to keep the analysis in this section as simple as possible, we make two assumptions. First, we assume that whereas the international interest rate is fixed, the recipient country's interest rate follows a Brownian motion without drift. And second, we assume that all the proceeds generated in the recipient country are reinvested abroad -or equivalently, that the fixed entry payment allows the investor to keep only the original investment in the recipient country. We will relax these two assumptions in section 3.
Once we determine the maximum (minimum) sustainable instantaneous interest rate differential, we derive the maximum (minimum) differential for bonds of different maturities from a simple expectations hypothesis model. That is, we derive the maximum (minimum) sustainable yield curve considering international arbitrage opportunities and expected future rates.
Random Walk and No Re-Investment
We assume that time is continuous and denote the international interest rate by r * .
We also assume that international investors are risk-neutral and they evaluate whether to invest in a small recipient country that charges an entry cost k per dollar invested.
For that purpose, investors compare the domestic return (domestic from the recipient country's point of view) to the international interest rate. Because of the fixed entry cost, it is not only relevant to consider the instantaneous return differential, but also the size of the entry fee. Moreover, given that this is an irreversible one-time payment, all expected future return differentials also matter. Letting ρ(t) be the time-varying domestic interest rate, investors compare getting ρ(t) − r * today, plus eventual future gains, with the fixed entry cost k.
Let us define the function V (ρ, r * ) as the dollar value that investors assign to the possibility of investing in the domestic country, without considering the fixed entry cost k. This value can be thought of as the price of a license to invest in the recipient country and takes into account both instantaneous gains and the possibility of future gains. Of course, whenever V (ρ, r * ) is larger than k there will be capital inflows, while whenever V (ρ, r * ) is smaller than zero (or a negative constant if there are exit costs) there will be capital outflows. Thus, the sustainable interest rate differential will lie between two bounds. If it moved outside the bounds, capital flows would force the domestic rate back inside the band.
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With a fixed international interest rate, the interest rate differential bounds have as their counterpart a maximum and a minimum domestic interest rate, denoted by R and r, respectively. 8 Obviously, k will be a key determinant of (R, r). If k = 0, then necessarily R = r = r * , because any difference would be arbitraged away.
Assuming the proceeds have to be invested outside the recipient country and that r * is constant, the function V (ρ, r * ) -V (ρ) hereafter-has to satisfy the following no-arbitrage equation (while the domestic interest rate is inside the band (R, r) in which there are no incentives for capital flows):
where d denotes instantaneous change, t is time and E t represents expectations taking into account all the information available up to time t. This equation simply says that the expected return of investing in the recipient country has to be equal to its alternative cost. In other words, the sum of the instantaneous interest rate differential and the expected capital gains has to equal the opportunity cost of holding the license for investing in the domestic economy.
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In addition, we assume that while domestic interest rates are inside the noarbitrage band, they follow a Brownian motion without drift:
where dω is a standard Wiener process.
Using Itô's Lemma in the last term of (1) we obtain:
where
Thus, we conclude that while the interest rate differential is within the bounds of no-arbitrage opportunities, V (ρ) follows the following differential equation:
The solution to this equation is standard and is given by:
where C 1 and C 2 are two constants to be determined by border conditions. On the one hand, since we have defined the bounds of (R, r) as the domestic interest rates at which capital moves into and out of the recipient country, it must be the case that:
which provide the two border conditions to solve (5). On the other hand, in equilibrium, expected arbitrage gains cannot exist. This requires two smooth-pasting conditions given the fact that the domestic rates stochastic process changes at the borders of (R, r). 10 These conditions are:
which in turn allow us to find R and r.
In sum, given the stochastic process of the local interest rate described by σ, along with a fixed international interest rate r * , and an entry cost k, there is a maximum domestic interest rate R and a minimum rate r, such that no flows occur. These two rates, plus the two constants C 1 and C 2 , solve the non-linear system of four equations described above.
As there is no closed-form solution to this system, numerical methods must be used to find the final solution. In order to have a reference of the value of the maximum and minimum differentials in this economy, as well as of the shape of the V (ρ) function, we calibrate the system with a concrete example based on the Chilean URR. We assume the following parameters: the world interest rate is 6% annual, the fixed cost k is $0.0257 per dollar, and the standard deviation σ is 1% per year. 11 The solution yields R = 7.49% and r = 4.73%. Thus, the maximum sustainable interest differential under these parameter values is 1.49%. Figure 1 shows the V (ρ) function.
It is an S-shaped line that smoothly approaches the extremes values of 0 and 0.0257.
Notice that when the domestic and the international interest rate are equal -and so there are no instantaneous gains-the license value is strictly positive (approximately $0.011). As expected, there are option values involved in the problem. Because of the existence of an option to exit in the future, there are no capital outflows when the domestic interest rate is (marginally) smaller than the international rate.
Yield Curve
So far, the model allows us to calculate sustainable instantaneous interest rate differentials. In this section we study yield differentials on bonds of different maturities.
In particular, we derive the upper and lower bounds of the entire yield curve.
Let P (ρ, t, T ) denote the price of a zero-coupon bond in time t, with maturity in T , under a current local interest rate equal to ρ, taking into account that r ≤ ρ ≤ R for all t. With risk-neutral agents the bond price has to satisfy the following equation:
The instantaneous interest rate has to be equal to the expected capital gain from holding the bond. Using Itô's Lemma in (6) yields the following partial differential equation for P (ρ, t, T ):
The solution of this equation has to satisfy the following border conditions:
P (ρ, T, T ) = 1, ∀ρ, and
These conditions follow from the fact that the price of the bond in T is equal to 1, independently of the value of ρ in T , and that in equilibrium there cannot be discrete capital gains when ρ approaches the limits R and r and the stochastic process of ρ changes. We solve this equation using a discrete-time approximation and numerical methods (further details in section 3).
Given P (ρ, t, T ), the yield to maturity of a bond with residual time T − t is given by the log-difference between the price at maturity (equal to 0) and the current price, divided by the residual time:
Finally, the maximum and minimum domestic interest rates for different maturities are given by Ψ(R, T − t) and Ψ(r, T − t).
The parameters of the numerical example mentioned before produce the following results. At maturities equal to 3, 6, and 12 months the maximum and minimum yields are given by 7.23%, 7.11% and 6.95%, and 4.99%, 5.10% and 5.27%, respectively.
A More General Set-Up
In this section we relax the two simplifying assumptions made in the previous section.
We now assume that it is possible to re-invest the proceeds in the local economy and that domestic rates follow a mean reverting stochastic process. The cost of making these assumptions is that in this case the differential equation governing the V (ρ) function becomes more complicated. The benefit is a more realistic estimation of sustainable differentials.
AR(1) Process and Re-investment
Let us assume now that domestic interest rates follow a Ornstein-Uhlenbeck stochastic process -the equivalent of an AR(1) process in continuous time. It is expected that the domestic rate will converge to the valueρ in the long run (eventually, equal to the international interest rate). The domestic rate evolves according to:
When re-investment is possible, the interest rate process described by (9) implies that the V (ρ) function now satisfies the following differential equation:
The border conditions are the same as before, and for simplicity we find the solution of V (ρ), R, and r with a numerical procedure.
The partial differential equation for bond prices (7) also changes with the new interest rate process. In particular, P (ρ, t, T ) now satisfies:
with the same border conditions as before. Finally, the yield curve continues to be described by (8).
In order to solve equation (10) numerically, we use a discrete-time approximation to (9). Appendix A presents the details.
Changes in Parameters
Using the model presented so far it is interesting to analyze the effects of several parameter changes. This section presents some exercises along these lines, which are useful both for evaluating the sensitivity of the results to parameter changes and for understanding the mechanics in place.
The baseline parameter values are similar to the estimations for the case of Chile that will be discussed below and are based on a simple AR(1) model of the covered interest rate differential and dollar-denominated on-shore/off-shore differentials. In particular, we consider σ = 0.06, w = 0.02, k = 0.0257 andρ = r * . The parameters that govern the differential stochastic process are the counterpart of daily data of differentials measured in yearly rates. The value of k is the dollar equivalent of a URR of 30% with a one-year holding period. These parameters imply a maximum and a minimum instantaneous differential equal to 4.52% and -4.27%, respectively.
12
The maximum differential for a 3-month rate is 2.84%.
In table 1, we present the effect of changing parameters on the instantaneous maximum and minimum differential (R − r * and r − r * ) and on sustainable maximum differentials for 3, 6 and 12-month bonds.
Interest Rate Volatility A higher variance in the interest rate process generates larger sustainable instantaneous differentials. The intuition underlying this is as follows. Consider a particular pair (R, r). When the domestic rate is near the upper bound R, a higher volatility produces lower future expected differentials because although the domestic rate cannot rise further (inflows make R a reflecting barrier), it can fall. Therefore, investors require a higher differential for entry, and R has to be higher. At the lower bound r the opposite happens: higher volatility produces higher expected differentials -outflows preclude the domestic rate from being lower than r. Hence, investors are willing to accept lower differentials before they decide to exit, so r has to be smaller. In terms of the option-values behind this problem,
we have the standard effect of volatility, namely that higher volatility increases the value of the options. By entering, investors are giving up the option to enter later on.
Thus, higher volatility implies that they are giving up something more valuable and so ask for a higher interest rate differential. Of course, when entering investors get the exit option, which is more valuable with higher volatility. However, as this option will most likely be exercised in the future, the present value of its change in value
is smaller that what investors are giving up. The opposite happens when investors assess whether to exit. In our numerical example, if one considers σ = 0.03 (instead of 0.06) the instantaneous maximum differential changes from 4.52% to 2.84% and the minimum from -4.27% to -2.70%.
A lower variance moves the maximum sustainable yield curve down. In the example, the maximum differential for 3-month bonds decreases from 2.84% to 2.02%, while for 1-year bonds it decreases from 1.38% to 1.20%.
Interest Rate Mean Reversion A higher mean reversion coefficient means that the effects of domestic interest rate innovations have a shorter life. Conditional on interest rates being above the mean (or long-run rate), a higher reversion generates smaller interest rates. Thus, the maximum sustainable interest rate differential is larger with a higher mean reversion coefficient. The minimum sustainable differential is also larger (in absolute value). Exit occurs at lower rates when there is a higher degree of mean reversion because investors on average expect higher future interest rates. Numerically, if one considers a reversion coefficient w = 0.5 (meaning that shocks have a half-life of 1 day), instead of the baseline w = 0.02 (equivalent to a half-life of 34 days), the maximum instantaneous differential increases from 4.52% to 4.64%, while the minimum differential changes from -4.27% to -4.39%. The maximum yield curve moves downwards for all maturities, although more so for short horizons.
The 3-month differential decreases from 2.84% to 2.89%.
Long Run Interest Rate
Even if the domestic long-run rate is higher than the international rate (ρ > r * ) it is possible to have both an instantaneous interest rate differential and differentials on bonds of different maturities. Of course, the higher the difference between the two interest rates, the smaller will be the maximum sustainable differential and the larger will be the minimum sustainable differential.
Numerically, if one considers a long-run rate 150 basis points above the international rate, the maximum instantaneous differential decreases to 4.45%, while the minimum differential does not change. The maximum sustainable yield curve moves down for all maturities.
Entry Cost A higher entry cost generates a wider (R, r) band, allowing higher maximum and minimum interest rate differentials. The intuition for this is straightforward. Entry occurs at higher rates because investors need higher proceeds to pay a higher entry cost. Exit occurs at lower domestic interest rates because the option (to re-enter) that investors get has a lower value -the irreversibility is larger. Using a URR of 20% in the numerical example (instead of 30%) produces a maximum instantaneous differential of 3.59% and a minimum differential of -3.79%. The maximum yield curve shifts downwards in a relatively proportional way for all maturities. The maximum 3-month differential decreases by 84 basis points to 2.00%.
Exit Cost Finally, it is interesting to analyze the effect of exit costs, which are
taxes paid at the moment the outflow occurs. The effect on the entry decision is analogous to an entry cost, although in the case of an exit cost what matters is its expected present value. This, in turn, depends critically on the investment horizon.
The effect on the exit decision is direct: it is costly to abandon the recipient country, so exit occurs at larger (in absolute value) differentials. 13 With an exit cost equal to 0.01 per dollar (equivalent to almost 40% of the fixed entry cost) the numerical example shows that the maximum instantaneous differential increases from 4.52% to 4.98%, while the minimum differential changes from -4.27% to -4.75%. As in the case of entry costs, the whole maximum yield curve shifts upwards.
An Application: The URR in Chile
This section presents an estimation of the effect of the URR used in Chile based on the model described so far. The Chilean URR has a one-year withholding period and applies to most types of capital inflows since 1991. 14 In order to evaluate whether the dynamic optimization structure of the model matters for the results, we compare the estimations to those of a static model. In the static case, one assumes a fixed investment horizon to calculate the implied tax and differential.
Interest Rate Stochastic Process Estimation
A key step before applying the model is to estimate the parameters governing the stochastic interest rate differentials process. We use two alternative interest differential series. The first one is a covered differential calculated with data from the forward exchange rate market. Because this series is relatively short, and in order to verify the robustness of the results, we also calculate an on-shore/off-shore interest rate differential for dollar-denominated operations.
Due to data restrictions we can calculate the covered differential (CD) with weekly data only since January 1994. The data corresponds to Thursday's observation and spans up to December 1997. We calculate CD as follows: We calculate the on-shore/off-shore interest rate differential (OOD) with monthly data from July, 1991 (when the URR was first applied in Chile) to December, 1997.
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Domestic rates correspond to monthly averages between 90-day dollar-indexed deposit and lending rates of the banking system. Off-shore rates correspond to 90-day Libor in dollars. Thus:
where r dep and r dep are the on-shore dollar-indexed 90-day deposit and lending rates, respectively. The OOD series has a sample average of approximately 3%.
We consider a simple AR(1) process for interest differentials, from which we can directly use the model described in section 3. In this case we assume that the empirical counterpart of the model are observations with a daily frequency. The differential in day t, D t , satisfies the following equation:
whereD is the long-run differential (probably zero if there were no capital controls), ω is the mean reversion coefficient, and ξ t is an i.i.d. zero mean constant variance innovation (with variance σ 2 ).
We face two issues when we estimate (12). First, we only observe data for 90-day operations. And second, we observe them with either weekly frequency (covered differential) or monthly frequency (on-shore/off-shore differential). Appendix B discusses how to overcome these problems. Table 2 presents the results of the estimation of the two interest differential processes. Both processes show highly significant coefficients for the average differential and the mean reversion coefficient. Table 3 presents these same results expressed as parameters in the daily-frequency representation introduced in Appendix B. Interestingly, both series show similar volatility and mean reversion coefficients despite the fact that we observe them at different frequencies.
Static versus Dynamic Solution
The estimations presented in last section allow us to calculate the maximum interest differentials that the Chilean URR can theoretically sustain and compare them with a static solution that fixes the maturity of a bond ex-ante.
The static solution to calculate the maximum differential simply distributes the entry cost k proportionally over an ex-ante fixed investment horizon. Thus, the maximum differential critically depends on the assumption held regarding the duration of the investment. Of course, this estimation does not consider the implied option values, the reinvestment possibilities, and the stochastic interest-rate process. Moreover, the static solution radically violates the predictions of the expectations hypothesis of the yield curve.
The implicit tax per unit of time can be calculated as:
where U RR is the URR rate, HP is the holding period, and M is the maturity of the operation. Thus, if one assumes a short-run operation with a fixed horizon, the implicit tax that investors pay is higher. In turn, the maximum interest rate differential for a bond with maturity in t + M is given by T ax(M ) because the domestic return given by (r − T ax(M ))M cannot be larger than the international return, which is equal to r * M . Finally, the minimum differential in this static set-up cannot be less than zero.
Using the parameters of table 3 one can calculate the effect of the Chilean URR on the maximum sustainable interest rate differentials. We assume that the international interest rate is 6% and that the domestic long-run rate is equal to the international rate in both simple AR(1) models. Table 4 presents the results for instantaneous, 3-, 6-, and 12-month differentials. Figure 2 shows the complete yield-curve for each model.
The results show three interesting facts. First, the results generated by the dynamic model using the two stochastic processes are considerably different from the results of the static model. The latter predicts a maximum sustainable differential of 10.4% in 3-month operations, whereas the former predicts a range between 2.8% to 3.4%. The difference is larger for shorter maturities. Second, the results with the two estimated stochastic processes are quite similar. Third, a URR of 30% with a 1-year holding period produces a relatively modest interest rate differential. Considering an average of the two estimates, the 3-month differential would be approximately 3.1%.
For 12-month operations this differential is only 1.40%.
It is interesting to note that actual differentials have not been very different from 
Concluding Remarks
This paper has presented a model for evaluating the effect of irreversible inflow and outflow payments on interest rate differentials. Since various capital control measures can be thought of as fixed proportional entry and exit taxes, one can use the model to assess the quantitative impact of such controls. In particular, it is possible to calculate maximum and minimum sustainable differentials -differences in yields which do not trigger capital flows-for bonds with different maturities.
The model takes into account that payments are irreversible and that entry and exit decisions are part of a dynamic optimization problem. Thus, the investment horizon is an endogenous variable that depends on the present and expected future state of the economy. Maximum and minimum sustainable differentials depend on the size of controls and on the characteristics of the stochastic process followed by differentials. For example, a higher variance and a higher degree of mean reversion produce a wider band for differentials on short-run operations in which no capital movements occur.
The model has the advantage of s-S models, namely clear solutions that can readily be interpreted. However, it also has some limitations. The interest rate differential behavior inside the band is assumed to be exogenous and there is no role for exchange rates (the differential is thought to be in the same currency).
The numerical results show that a URR of 30% with 1-year holding period produces only modest sustainable differentials (with parameters estimated for the Chilean economy). These results are considerably larger if one considers a static model in which the investment horizon is fixed. For instance, for 3-month notes the estimated differentials are 3.1% and 10.4%, respectively. The difference is even larger for shorter maturities. These dramatic differences in sustainable differentials have important implications from a policy perspective and show that the power of capital controls might be smaller than what is usually believed.
Appendix A
This appendix reviews the procedure for solving equation (10) numerically using a discrete-time approximation of (9) along the lines of Dixit and Pindyck (1994, Chapter 3) . We take time intervals of fixed-size τ and innovations of ρ of fixed-size ε.
These innovations follow a binomial process whose parameters are chosen such that the mean and variance of this process match the corresponding parameters of the Given the binomial process parameters, we can write the Bellman equation associated with equation (10) in discrete-time as the following difference equation:
which equals k and 0 at the limits R and r, respectively.
In order to find the V (ρ) function we use a recursive method. Starting from an arbitrary initial solution we iterate over the following two equations:
using also the conditionV (r) =V (r − ε) andV (R) =V (R + ε) in order to satisfy the smooth-pasting conditions. It can be shown that the operator T :
Blackwell sufficient conditions. Thus, the iterations over the operator T converge to the solution V (Stokey and Lucas, 1989, p. 54) .
The bond price differential equation (11) also has a discrete-time representation.
Given time intervals of size τ , the bond price has to satisfy:
where R and r are the maximum and minimum instantaneous interest rates. The values of P (ρ, t, T ) can be calculated recursively starting from P (ρ, T, T ) = 1. and 1 − φ)30) .
We follow the same procedure for weekly covered differential data. Baseline case parameters: σ = 0.06, w = 0.02, r * = 6%,ρ = r * , URR rate = 30%, r * = 6%, Exit cost = 0. Standard errors in parenthesis. 2 See, e.g., Cárdenas and Barrera (1997) , Cardoso and Goldfajn (1998), De Gregorio (1995) , Valdés-Prieto and Soto (1996 ) and World Bank (1997 .
3 In this paper we refer to interest differentials as the difference between domestic and international yields measured in the same currency. The simplest interpretation is to assume a fixed exchange rate. Alternatively, one can focus on covered differentials and the difference between on-shore and off-shore rates denominated in the same currency.
general set up, a larger domestic interest rate is related to a lower level of aggregate expenditure (and capital inflows).
8 Thus, R−r * and r −r * are the maximum and minimum interest rate differentials, respectively. With capital controls r − r * is negative.
9 A more basic way of describing V (ρ) is using the Bellman equation of this problem. As it is known that future decisions will be optimal, we have
10 At the borders, the domestic interest rate stochastic process becomes controlled by a reflecting barrier because capital inflows (outflows) stop any increase (decrease).
In order to avoid arbitrage opportunities, V (.) has to approach the borders smoothly.
See Dixit (1993) .
11 We report annual rates, but use continuous-time equivalents in all calculations. k = 0.0257 is the equivalent of a URR with holding period of one year, calculated as U RR × (e r * − 1)/(1 − U RR), where U RR is the required rate (30%). Section 3 gives a more realistic representation. Herrera and Valdés (1999) also study a MarkovSwitching model for the interest rate process.
12 In all simulations we assume an international interest rate equal to 6%. Because this rate acts as the discount rate in the model, the estimated differential varies marginally with different assumptions about r * . Obviously, the value of (R, r) varies almost one-to-one with the international interest rate. With r * = 5%, the maximum differential decreases to 4.20%, while R decreases from 10.27 to 9.20%.
13 Labán and Larraín (1997) show that lowering exit costs may increase capital inflows. In their model the irreversibility created by exit costs decreases and so does the option value of waiting. In our case, although we do not measure flows directly, there is a similar effect: a lower exit cost decreases the maximum sustainable differential.
14 In 1997 the only important exemptions were Foreign Direct Investment and some trade-related credit which did not pay any tax. Bank foreign exchange-denominated deposits had a URR withholding period equal to the deposit's maturity. Apart from giving up for one year 30 cents of each dollar inflow, investors had the option of paying a fixed cost (tax) upon entry equivalent to the opportunity cost of the URR.
See Valdés-Prieto and Soto (1998) for further details. In September 1998, due to the effects of the Asian crisis, the URR rate was set to equal to zero.
15 The UF is a unit of account that is indexed daily to inflation and used in nearly all financial transactions in Chile. For our purposes, UF acts as the Chilean currency.
16 There is no consistent data on bid-ask spreads. Some informal evidence shows that it is variable going from 0.5 to 2%.
17 Although there is data available before 1991, capital account regulations and the structure of the Balance of Payments were completely different.
18 See, e.g., Valdés-Prieto and Soto (1996) and (1998) and Cárdenas and Barrera (1997) . 
